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H ypertension affects ≈30% of US adults and is a major risk factor for coronary heart disease, stroke, and heart failure. 1 Hypertension treatment and control reduce clinical complications. 2 Given its prevalence and health impact, hypertension is a major public health topic included in Healthy People and Million Hearts goals. 3, 4 Uninsured adults are less likely to be aware of and treated for hypertension than insured adults, less likely to be controlled when treated, and more likely to experience clinical complications. [5] [6] [7] [8] [9] [10] [11] In 2005 to 2008, hypertension control among adults aged 20 to 64 years was 28.7% in the uninsured, 53.4% in publicly insured, and 48.2% in privately insured groups. 11 Differences in control were partially explained by more undiagnosed hypertension in the uninsured group. 11 Although the extant literature provides substantial information, addressing several knowledge gaps could better inform strategies to improve hypertension control in uninsured adults. For example, time trends are important because a widening gap in hypertension control between uninsured and insured adults would suggest greater need for change than a declining gap.
Similarly, if the proportion of adults with hypertension who are uninsured is growing, then more resources are required than if the proportion is declining or unchanged. The uninsured adult population was growing before the 2008 financial crisis and increased subsequently. 12, 13 Even with healthcare reform, the number of uninsured in the United States is projected at 31 million. 14 Previous studies did not quantify the contribution of lower awareness (undiagnosed hypertension) or differences in the proportion of aware patients treated or treated patients controlled to lower hypertension control in uninsured than insured adults. If lower hypertension awareness in the uninsured is the main contributor, 10 then strategies for addressing the gap are simpler than if lower proportions of aware patients treated and treated patients controlled are also contributing importantly. [5] [6] [7] [8] [9] And, if hypertension control is higher in adults with public than private insurance, 10 and not explained by other differences between the 2 groups, then public insurance could be a better option for improving hypertension control in uninsured adults.
To address the knowledge gaps, analysis of National Health and Nutrition Examination Survey(s) (NHANES) data for
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1988 to 1994 and 1999 to 2010 was conducted in adults aged 18 to 64 years with hypertension. Findings were compared in adults with and without healthcare insurance and with public or private healthcare insurance. The analyses also sought to identify modifiable factors that could improve equity in control between insured and uninsured adults.
Methods
NHANES assesses a representative sample of the US civilian population. All adults provided written consent approved by the National Center for Health Statistics. Participants included adults aged 18 to 64 years in NHANES 1988 to 1994, 1999 to 2004, and 2005 to 2010. Race/ethnicity was determined by self-report and separated into non-Hispanic white (white) and non-Hispanic black (black) race, Hispanic ethnicity, and other.
Insurance during the past 12 months is defined by positive answer to "Are you covered by health insurance or some other kind of healthcare plan?" Private insurance was defined by positive response to "Are you covered by private insurance?" or "Are you covered by Medi-Gap?" Medicaid insurance was defined by positive response to "Are you covered by Medicaid" or "Are you covered by State Children's Health Insurance program (SCHIP)?" Medicare insurance was defined by response to "Are you covered by Medicare?" Other government insurance was defined by response to ≥1 questions, "Are you covered by CHAMPUS/VA/military health care?," "Are you covered by Indian Health Service?," "Are you covered by state-sponsored health plan?," "Are you covered by other government insurance?" Public insurance includes Medicaid, Medicare, and other government. Poverty index was calculated by dividing family income by the poverty guidelines according to family size, appropriate year, and state. 15 Educational status was determined by the highest grade or level of school completed or highest degree received.
Prescription Medications
NHANES participants were asked if they had taken prescription medications in the past 30 days. Those answering "yes" were asked to show containers for all medications taken during that time, and medication names were recorded. If no container was available, participants were asked to verbally report medication name.
Blood pressure (BP) was measured and reported per NHANES guidelines. 5, 16 Prevalent hypertension was defined by (1) systolic BP ≥140 and diastolic BP ≥90 mm Hg and (2) positive response to "Are you currently taking prescribed medication to lower your BP?" Awareness, treatment, proportion of treated hypertension controlled, and hypertension control (<140/<90 mm Hg for all adults) were defined previously. 2, 5, 16 Diabetes mellitus, including diagnosed and undiagnosed, and statin medication use were defined. 16, 17 Chronic kidney disease was defined as estimated glomerular filtration rate <60 mL/1.73 m 2 per minute and urine albumin:creatinine ≥300 mg/g, that is, 18 values used to define a lower BP target, rather than ≥30 mg/g. 19 Serum creatinine was adjusted across surveys. 20 Cardiovascular disease including (1) coronary heart disease, 21 (2) stroke, 22 (3) congestive heart failure 22 were defined. Medical visit frequency and cigarette smoker status were described. 16 
Data Analysis
SAS version 9.4 (Cary, NC) survey procedures were used to account for NHANES complex sampling design. NHANES data were analyzed and reported using recommended guidelines. [23] [24] [25] Data for hypertension prevalence, awareness, treatment, and control were age adjusted to the US 2010 census. 26 Among adults aged 18 to 64 years in 2010, the proportion who were aged 18 to 44 years was 0.58 and who were aged 45 to 64 years was 0.42. For age-adjusting hypertension awareness, treatment, and control across time, additional weights were calculated because prevalent hypertension varies by age. The proportion of adults in each age group who were hypertensive was multiplied by their respective year 2010 weight for all adults. Weights were calculated by dividing the product for each age group by the sum of products for both groups in each survey.
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PROC SURVEYMEANS was used to generate means and confidence intervals. PROC SURVEYFREQ was used to estimate proportions and confidence intervals. PROC SURVEYLOGISTIC was used to assess association between clinical variables and BP control. In each of these procedures, the appropriate weight was used in the analysis. Taylor series linearization was used for variance estimation and domain analysis for subpopulations of interest. For within-survey between-group (uninsured versus insured, private versus public insured) comparisons at each of 3 NHANES time periods, Rao-Scott χ 2 tests were used to assess differences in distributions of categorical variables and Wald F tests for differences in continuous variables. To assess the contribution of lower awareness, treated/aware, and control/treated to lower BP control in uninsured adults, hypertension control was recalculated for uninsured adults with these 3 variables adjusted individually and sequentially to values in insured adults. P values <0.05 were considered statistically significant except withingroup comparisons across 3 time periods wherein P values <0.017 (0.05/3 [Bonferroni correction]) were accepted as significant.
Results
The process for deriving population with hypertension aged 18 to 64 years is depicted in Figure S1 in the online-only Data Supplement; 1563 adults were without and 6067 (4390 private, 1377 public, 300 insurance unspecified or both public and private) adults had healthcare insurance.
Uninsured and Insured Adults
In adults aged 18 to 64 years with hypertension, the estimated number and percentage in the US population of uninsured grew from 2.82 million (12.3%) BP was similar in uninsured and insured adults in 1988 to 1994, but higher in uninsured adults in 1999 to 2010. Statin use increased with time in insured and uninsured adults and was lower in 1999 to 2010 in the uninsured. Across time, prevalent cardiovascular disease and chronic kidney disease were not different between uninsured and insured adults. The uninsured were more likely to smoke cigarettes.
Mean family incomes were >3 times the federal poverty level among insured adults but less than twice the federal poverty level in uninsured adults. In general, <10% of insured adults had family incomes below the federal poverty level versus ≥25% of uninsured adults. Conversely, ≥75% of insured adults had family incomes of ≥200% of the federal poverty level versus <40% of uninsured. Educational attainment was higher in the insured than uninsured.
privately insured rose numerically but declined proportionately from 17.0 (88.6%) to 24.5 million (79.3%; Table 2 ). Adults with unspecified insurance type or both public and private insurance were not counted as publicly or privately insured. The estimated number of US adults aged 18 to 64 years with private or public insurance is ≈900 000 less than the total insured number. Age was similar in both groups. Privately insured adults were generally more likely to be male, white, and have 0 to 1 healthcare visits/y than publicly insured adults. Self-reported statin use was comparable in publicly and privately insured adults and increased over time in both groups. Diagnosed diabetes mellitus, chronic kidney disease, and cigarette smoking were greater in the publicly than privately insured.
Mean family incomes were higher among privately insured, with a mean of 3.4 to 3.8 times the federal poverty level during the 3 NHANES time periods, than publicly insured adults, with a mean of 1.3 to 2.1 times the federal poverty level. Consistent with the differences in family incomes, privately 
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Hypertension (Table S1 ).
Clinical Epidemiology of Hypertension in Publicly and Privately Insured Adults
Hypertension control improved over time in adults with public and private insurance but was not different between groups (Figure 1 ). Hypertension prevalence, awareness, treatment, aware adults treated, and treated adults controlled increased with time in the publicly and privately insured (Figure 2 ). Prevalent hypertension was greater in publicly insured adults across time. Hypertension awareness was greater in publicly than privately insured in 2005 to 2010. The percentage of aware adults treated for hypertension was greater in publicly insured adults in 1999 to 2004, whereas the reverse was true for percentages of treated adults controlled. The contribution of 3 factors individually and cumulatively to lower BP control in the uninsured in 2005 to 2010 is provided in Table S2 . If hypertension awareness in uninsured equaled insured adults, then BP control in the uninsured would have been 38.3% rather than 30.6%. The 21.9% absolute gap (30.6% versus 52.5%) would have been 14.1%, a 34.9% reduction. Raising percentages of aware adults treated or treated adults controlled to values in the insured increased BP control from 30.6% to 36.4% and 36.0%, or 26.5% and 24.7% of the control gap, respectively. When the 3 variables were raised sequentially, the hypertension control gap between insured and uninsured closed, and each variable had a nearly equal contribution to the gap.
Clinical variables associated with hypertension control in multivariable regression analysis among adults aged 18 to 64 years are depicted in Figure S3 . Hypertension control improved with advancing age, increasing body mass index, diabetes mellitus, and clinical cardiovascular disease but was lower in adults who were male, black, and Hispanic. Hypertension control was higher in adults with ≥2 healthcare visits/y than those with 0 to 1 healthcare visits/y and those taking statins and with health insurance than those without. Only in 2005 to 2010, adults with at least some college education had higher BP control rates than adults with less than high school education.
Discussion
Hypertension control is lower and cardiovascular outcomes are less favorable in uninsured than insured US adults.
5-10 Our NHANES study was designed to address several gaps in the literature, which could better inform strategies to improve hypertension control and outcomes for this population. Prior studies reported lower hypertension control in uninsured than insured adults during limited but not longer time periods. Constructing a longitudinal perspective from extant literature is confounded by differing definitions of hypertension and variable approaches to age adjustment. In our study, hypertension was consistently defined as BP ≥140/≥90 mm Hg and on treatment. All survey periods were adjusted to the US 2010 census. Hypertension control was not different between uninsured and insured adults in 1988 to 1994. A significant gap in hypertension control, with lower rates in uninsured than insured, was present in 1999 to 2010.
Prior studies did not address changes in the proportion of adults with hypertension who were uninsured. In this report, the percentage of uninsured adults with hypertension grew from 12.3%, or roughly 1 in 8, in 1988 to 1994, to 17.4%, or ≈1 in 6, in 2005 to 2010 (Table 1 ). Our first 2 findings indicate that the gap in hypertension control between the uninsured and insured grew as the proportion of adults with hypertension who were uninsured increased. These observations suggest that previous strategies to improve healthcare and outcomes for uninsured adults, for example, federally qualified and rural health centers, 27,28 although important have not been sufficient to improve equity in hypertension control.
Previous studies did not quantify the impact of differences in percentages of awareness, aware adults treated, or treated adults controlled to the gap in hypertension control between insured and uninsured adults. When these 3 variables were raised individually in uninsured adults to levels in insured adults, BP control rose but remained <40% in the uninsured. Strategies to improve equity in hypertension control require attention to all 3 variables (Table S2) .
The proportion of treated adults controlled was reportedly lower in uninsured than insured adults 6 and confirmed in our report. Persistence on antihypertensive medication is reportedly lower in uninsured than insured adults, 29 which could account for this observation (Figure 2) . 6 Yet, in insured and uninsured adults on treatment, the number and classes of antihypertensive medications reportedly taken in the prior month were not different (Table S1 ). NHANES does not assess pill splitting or missed doses, which may be greater among uninsured.
Modifiable and nonmodifiable variables related to hypertension control were also examined ( Figure S3 ). Among fixed variables, increasing age, diabetes mellitus, and clinical cardiovascular disease were associated with better hypertension control, whereas male sex, black race, and Hispanic ethnicity were associated with lower control. Although increasing age across the adult lifespan is associated with a decline in hypertension control, hypertension control increases with age ≤60 years but then declines with advancing age ≥60 years. 30 Thus, the positive association between age and BP control in adults aged 18 to 64 years is not unexpected.
Hypertension control improved modestly but significantly with increasing body mass index, although obesity is associated with treatment-resistant hypertension. 31, 32 Our finding is consonant with a previous NHANES report that hypertension control improved more over time in obese than nonobese individuals. 33 Hypertension control was also higher in patients with than without diabetes mellitus, although diabetes mellitus is associated with treatment-resistant hypertension. 31, 32 From 1997 through 2013, 18, 34 the systolic goal for patients with diabetes mellitus was <130 mm Hg, which likely improved control to <140 mm Hg. NHANES data ( Figure S3 ) are consistent with the conclusion that clinicians treat hypertension more aggressively when cardiovascular risk is higher. 30, 32 Infrequent healthcare was linked to lower hypertension control and awareness. The uninsured use less healthcare than insured, differences transcending income, 35 and infrequent healthcare is a significant barrier to better hypertension control. 6, 30, 36, 37 In multivariable analysis, insured adults aged 18 to 64 years were more likely to attain hypertension control than uninsured in 1999 to 2010. As one potentially modifiable factor, uninsured adults were less likely to report taking statins in 1999 to 2010, when their hypertension control remained flat and fell behind insured adults. Statins were positively related to hypertension control in adults aged 18 to 64 years. In a meta-analysis of 40 randomized, placebo-controlled trials, systolic BP was 2.6 mm Hg lower in adults randomized to statins than placebo. 38 In Anglo-Scandinavian Cardiac Outcome Trial (ASCOT), 39 hypertensive patients randomized to atorvastatin were less likely to have treatment-resistant hypertension than patients on placebo. The observations are insufficient to support statin prescriptions for BP control. Yet, current cholesterol guidelines, which increase the number of hypertensive adults eligible for statins by ≈8 million, 40 could potentially improve BP control and reduce the control gap if applied equally to the uninsured and insured.
Another objective was to assess hypertension control in publicly and privately insured adults because this might influence recommendations for insurance plans to improve health in the uninsured. 10, 41, 42 Hypertension control was similar in adults with public and private insurance, although publicly insured adults were more likely to be black or Hispanic, factors negatively associated with hypertension control. 3, 16, 29 Publicly insured adults had more obesity and diabetes mellitus than privately insured adults, 2 factors associated with BP control. Two factors restraining hypertension control in privately insured adults were the higher proportion of men and less frequent healthcare, which are linked to poorer hypertension control among adults aged 18 to 64 years. Men, even with healthcare insurance, are less likely than women to use healthcare services. 43 Adults with public insurance had lower incomes and educational attainment than those with private insurance. Poverty index was similar in uninsured and publicly insured adults across time. Yet, hypertension control improved in publicly insured but not uninsured adults, which is consistent with the finding that the poverty index was not associated with BP control. Educational attainment was also greater in privately than publicly insured patients across time. At least some college education was associated with better hypertension control than less than a high school education only in 2005 to 2010, which coincided with the only time period that publicly insured adults were more likely to have some college education than uninsured adults.
Study limitations include the NHANES design with repeated, representative cross-sectional samples of a small percentage of the US population. Confidence intervals are often large, which may mask real differences that might be seen with larger population samples. NHANES relies on 1 examination to define prevalent hypertension and control. Classification as hypertensive or nonhypertensive for untreated adults and control status in treated adults could change with repeated BP measurements on different days. The definition of hypertension based on national guidelines was consistently ≥140/≥90 mm Hg during the period of this report, that is, 1988 to 2010. 18, 34, 44 
Perspective
The percentage of uninsured among adults with hypertension grew from 12.3% in 1988 to 1994 to 17.5% in 2005 to 2010. Uninsured adults did not participate in the substantial improvement in hypertension control over time documented among insured adults. In the uninsured, lower percentages of awareness, aware adults treated, and treated adults controlled contribute approximately equally to the disparity in hypertension control. Our analysis suggests that providing public or private healthcare insurance to uninsured adults and promoting appropriate healthcare utilization to diagnose, treat, and control hypertension and guideline-based statin therapy could promote equity in hypertension control and vascular outcomes.
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